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Synopsis:

Distributions (size of burden, layer thickness of bed, etc.) of burden in shaft are practically

measured during the charging period belore No. 4 blast furnace of Mizushima Works was blown in.

Additionally, several fundamental experiments are carried cut on the gas permeability through coke

and iron ore bed with particle size of practical use.
The results are summarized as follows:
1) The characteristics of burden on the gas permeabillity in shaft depend on
2) The surface shape of burden in periphery zone of shaft is changed
movable armour plate equiped on No. 4 blast furnace, so the relative gas

center and the periphery zone of blast furnace can be changed. But the

its particle size.
by the position of
permeability of the

position of movable

armour plate has little effect on the sagregation of size and the thickness distribution in the cenfer.

3} Radial segregation of coke in blast furnace is large, but that of iron ores is small.

4) On the travelling process from hopper to blast furnace, sinter is coarsely crushed and coke

fines increase.

The size distribution of raw ore does not change before and after a charge.

5) Radial distribution of gas flow resistance in shaft calculated from the present measurement is

homogenecus.
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Table 1 Screen meshes for classifing of burden materials (mm)
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Table 2 Bulk and

Particle diameter {mm)

Fig. 4 Relation between angle of repose and
particle size of sample

apparent densities of samples

N : S S e e e
di {mm) ! 6.62 |9.09 |12.4 |17.3 | 23.4 §31.9 |44.7 |61.9 |BL3B
Coke ] oo (g/cmi-bed) 1 0.504 | 0.495 | 0.496 | 0.504 | 0.504 | 0.487 | 0.471 | 0.436 | 0.427
] pa (g/cm?®) 0.937 | 0.910 | 0.929 | 0.959 | 0.956 | 0.970 | 0.967 | 0.936 | 0.915
e PR - ot = i ' . T R
di 5.64 |7.71 |[11.0 | 14.4 |21.4 |27.4 |37.1 - =
Sinter o 1.893 | 1.837 | 1.810 | 1.717 | 1.574 | 1.546 | 1.531 — —
o4 3.24 | 3.01 i 3.07 | 2.86 | 2.91 |2.92 | 2.82 — —
Table 3 Dependence of bulk density on the size distribution index {(Isp)
Coke ‘ Sinter
Nomhmldm.% Dr (mm) | L (=) 1m(g/mnﬁ ‘ Nomina! dia. | Dy (mm) | Le (—) | po(g/cm®
24.4 6.77 0.517 I 9.90 13.0 1.811
23.9 11.3 0.520 10.2 19.8 1.834
24mm 4.2 20.6 0.521 10mm 10.9 30.6 1.847
24.6 33.2 0.525 9.78 48.0 1.864
24.2 3.5 | 0.5 10.7 52.7 1.871
36.2 5.83 0.491 14.0 11.2 1.746
36.2 10.9 0.496 14.7 16.8 1.751
36mm 39.5 12.4 0.493 14mm 14.5 29.0 1.769
3.0 - 2L.6 0.496 14.0 36.6 1.774
37.5 i 29.1 0.499 12.9 51.0 1.813
51.4 5.2 0.469 19.3 13.1 1.692
50.8 12.6 0.470 19.1 22.1 1.701
50mm 49.4 16.4 0.471 19mm 18.6 25.6 1.715
50.4 21.3 0.473 18.6 42,3 | 1742
49.2 26.3 0.480 18.2 8.9 | 1757

Dp : Harmonic mean diameter
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. ! Weight Stock line Extension degree
Burden materials Notch number (t/charge) (m) (Distance from wall)
Qo 0 32 3.620 1.20m
O, ¢] 42 3.340 2.00
0: 2 42 2.845 1.71
O3 4 42 2.500 3.3
0y 6 42 2.125 1.78
Os 0, 2, 4, 6 105 0. 690 Center
Coke Iron ores
6 notch

Fig. 18 Relation between the position of M.A. and the surface shape

of charged burden
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Table 6 Relation between the position of M.A. and the thickness of burden
materials bed at O; charge

Black gﬁﬂgﬁ;r Thickness of b?ﬁ,fffi)l -
e (%EHUAJ zm ‘ dm ‘ 4m (Cexkgg_
N : 0 45 50 | e | e | 73
E 2 55 50 I 62 o 173
S 4 52 55 1 50 50 . 68
W 6 9 80 ‘ 70 75 . 75
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AMPEEA L 2. 0~2.5m ¥ TIRE L-F, 3 mftar
Ak D inifiinl, —5mm ORLEHCHD L
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Bl - THT-OEN Y TCENE D, =
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BT 4z, RIEAFOER%Y Table 7, 8 LI T, 2 2 A, SR E L NECT
Table 7 Samples of iron ores obtained in blast furnace
Sampling i Notch Weight of Weight of coke | i _
point number sample (kg) | mixed in sample(kg) ‘ De Lp —5mm 2% lmmz;
C 0 112.20 0.08 516 | 1747 | 13.6 3.6
N 2 0 141.456 0.15 444 190.0 18.0 4.9
3 0 130.30 1.10 4.43 190.0 | 17.8 5.1
4 ] 117.25 3.55 ' 4.65 187.2 150 4.3
1 2 ! 140.75 1.00 4.70 182.4 16.8 4.1
E P4 2 164.15 0.05 4.51 184.7 17.6 4.8
3 Z 116.90 0.15 4,65 179.7 16.9 4.6
4 2 122.80 1.05 5.11 152.9 14.4 3.2
I 4 124.10 0.15 4.12 233.4 | 20.5 6.1
5 2 4 . 145. 90 0.20 428 203.6 19.9 5.4
3 4 164.15 0.70 4.55 216.5 17.2 4.5
4 4 123.40 0.80 5.73 151.5 % 11.3 2.5
1 6 ; 152.75 0.24 4.08 211.4 20.2 5.7
W 2 6 140.45 0.07 3.94 216.7 21.6 6.0
‘ 3 6 125.20 0.10 4.00 209.0 21.7 5.5
4 6 126.2() 0.00 ;o 4.59 175.5 17.7 4.5
. — . N S .
Center } 90. 90 15.10 7.70 | 180.0 ‘ 3.0 i.2
Mean value of Sample&. 122.63 4.40 199.6 20.3 5.5
Ores before a charge — — 7.70 114.6 5.0 1.7
Newman ore 46,2 — 7.80 103.5 3.6 2.7
Jovo are | 43.5 — 7.47 121.8 3 3.3
Sinter i 80.9 — 7.74 95.3 6 0.6
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Table § Samples of coke obtained in blast furnace
el P P e S
‘Samplmg Notch Welght of | Wught of iron ores | o
point number sample (kg} mixed in sample(kg) Dr La ZBmm/| —6mm7
1 0 44. b0 ‘ 2.47 l 13.0 330.2 28.8 12.2
N 2 0 44. 00 0. 86 2005 205.0 16. 4 5.4
3 0 . 36.90 0.25 30.7 93.0 6.9 1.9
4 0 I 33.85 0.07 35.8 87.8 3.5 | 1.4
1 2 42,10 2.76 TR 300.4 | 27.0 15.3
E 2 2 37.05 1.60 20.4 165.2 16.9 5.4
3 2 33.45 0.24 30.6 49.9 11.4 1.7
4 | 2 32.05 0.15 30.3 i 68.4 3.2 0.9
I
| N - P I D e
1 4 43,91 39 10 3 389.2 32.6 17.2
g | 2 4 36.20 1.11 24.0 160.2 12.4 3.9
3 4 23.45 0.32 30.9 94.9 7.2 17
4 4 32.05 0.05 40.7 75.3 i 2.9 1.1
1 6 45.70 2.00 13.4 546.6 | 24.3 11.2
I
W 2 6 36.30 0.92 22.8 204.7 ' 13.0 4,2
\
3 6 29.40 0.18 36.2 92.9 7.2 1.7
4 6 31.50 0 08 37.2 63.5 ‘ 2.9 1.1
Center 12.70 0.08 45.2 ‘ 88.3 % 2.6 ‘ 1.0
Mean value of samples 37.76 - 16.1 304.0 ‘ 20.4 8.9
Coke before a charge 60.76 - 32.2 89.9 6.3 1.7
Coke [ron ores
- D, before R
3 a0} a charge
2 @ 7 ?
3
= E Rea—
s E 30k D, before Z‘
B . a charge ok
g9 5.
g %%—Dp after
E ol 7 I, after a charge a charge
Y S S T R B30 b1
40 @ ; Center
- 200
) © ;i (} netch
£ ‘ ©ip
o .
5 20 E ; fg
g w10t o
£ |
(=]
[
Or a
L 1 L L L ﬂ‘mvl, S V| S
0 1 2 3 4 b} 0 1 2 3 4 5

Distance from shaft wall (m}

[Mistance from shaft wall (m)

Fig. 21 Size segregation of burden materials in shaft {(—6mm? and
—28mm?% of coke are 6.4 and 1.7, respectively, before a charge.
—5mm% of iron ores is 5.9)
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D RS R A PAVEE S AR L TRRL L
wns Table 9 Cos b, $EAMLIE, B
B X EFMICA 2 AR TS RS SR
LI EMNBELINC 2T, MHRTLL A
Hirdp & A KBS, BB E LB R
Tz, Fig. 22 kb, = — 2 A AT & BT
AL KNS L TG 88, PR TR
e THb, -7 ADEROEIRTMR FEE LT
abrasion 125" L#ASLTU D, Fi, BEAS

wl o Before a charge
e After a charge
Coke
0r
L 1 1 (L\J i 1 L
5 30 50 100
40r
Lump @nd raw ores
20
Q_—‘_x —— T —_l 1 L
AGH
Sinter
20
L ' | L
1 4 3 10 ]

Particle diameter (mm)

Fig. 22 Size distribution of burden materials
betore and afier a charge

Table 9 Comparison of burden materials before a charge with after a charge

(Harmonic mean diameter Dy and fines fractlon)

i Dy Ratlo of Dp* J Ratio of Fines l Ratlo of
{(mm) D», A/B (mm) | D'p, A/B fraction, % 1‘ fines, A/B
e o . r o R T
Coke ‘ before (B} 3290 4090 1.8
| after (A) 16.10 0.50 36.50 0.89 ‘ 9.6 5.5

Siner before (B 7.74 L850 l 1.2
after (A) 2,50 0.32 | 6.76 0.80 | 13.5 11.3

Raw ore | before (B) 7.61 11.91 3.0
' after (A) 6.71 0.88 10.71 0.90 3.1 1.0

* Calculated value except f{ines

Definition of fines; Coke —8mm, Iron ores —2 83mm
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e (18)

FIF ORI L HWE L, A)ROETH

1HEFE2HOKE IAFELL L LB S OHE u

B SR TELD, CLrA /A X Re

LT u OEBTHIND, C=f (R) %525
BERH B, ADEBHL R LER

= {2m (pp—p) g/(C-p-pp- A)} #

............... (14)
% Hv-T, Table 10 kBT 3, 45

Tkt DIRERAEN D, 2 — 2 A, R
UGN OR RS w EOBFHRY kKD D &
Fig. 23 35 108 Fig. 40k 5t s, Mbalt
ThEh3, Aol EFer ARETHS,
HEbh, SRToRE FFRERRIIEAN LS
5

LA 4.5 0.16 0.14
O, FEREREE S lmmEE Tz -2 2T
¥I3.8%, HARTHS.B% ETc~TED, Thih

-

500
Sinter{p,=3.2)

Ores

201

101 Cokelpn—095)

- w=132

u > Throat gas velocity

Terminal velocity u, (m/sec

=
b

L

1 1
0.5 2 10

1 ]

0.2

0.1 50
Particle diameter (mm)
Fig. 23 Terminal velocity of particle under
operational conditions of 3B.F.
00~
50—

Sinter

Terminal velocity u. {m/sec)

1 L 1 L J

1
0.5 2 10

s N 017 02 50
pP(g/Cm >l (di)aBF(mm)’ (dx)LBE Particle diameter {(mm)
- A 0.95 0.45 0.37 Fig. 24 Terminal velocity of particle under
MO 3.2 0.21 0.18 conditions of 4B.F.
Table 10 Operational results

BF. Blast vol. 0, enrich. Top gas : Top gas 1 Compositi(c;)of OP B35 | Thicat dia.

press. temp. [ £0 e
Na {Nm?®/min) (%) (g/cm:-G) (°C3 I (18] ‘ CO,| N, ! Hy {m)

S O A N RO, A BN SN

3 6 320 3.70 1 860 ] 107 l 22.423.8|49.0| 4.8 ‘ 8.8
4 6 264 4] 1 500 | 163 1231 20.6 | 54.4| 2.3 i 10.5
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Fig. 26 Size distributions of fines sampled
from blast furnace
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Fig. 26 Experimental apparatus and results on measuring the motion
of fines in solid-gas packed bed?
(u,=terminal velocity, #mr minimum fluidization velocity)
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Ae=1.64x 1073/ L5
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L= O e e
1-¢ .
+ 1.20- é_u(.ipgﬁgsfi"ﬂ . uﬁ """""" ( 16)

PRAEOEEREESL, FllEY ey 70k
OREROIT RS FEFESMO De, fe oAb L
Table 7 35578 Table 8 O 5 imh 2 bhs®
T, FROe— 2 A, FATmEOMABINERER
FUTIBERBEECFHE Lo L L-Comd il
A kmB o EMTEL, B, a2 A, W
RO TG 2R hF . +8.0mm,
+2.83mmic o T EXAEMHL, S8 ACEs
5 € desftah, BN EOEMAZTERE LY

CHLLOELTeRHIEL, Chififice b
Lts, COEMNESCETL2— 72K, $ak
& LIE(L:, Loy & Table 11 &:553, “h
BOGmERK Y, (15), (6)F{tAL, B
P 3 A ORESEMFICL ESVT, s~ A
$5 L HEHBEOE B AP/ L)wed ETHE L,
FOFERHHERKC I D ERT OB BRI
TBRE &R,

P= (4P[L} calcu./((’0'7'.’10'3'“(1)'7)

Lefh b LT OmSARIEE @0 ik A Lo
7o

D= (D¢ Le+Po-Lo) [ (Lot Lo)
R (18)

SOXATLTRDE Dy, Qo L D DI

Table 11 Data obtained {rom the present measurement for calculating gas flow resistance
coefficient of blast furnace
Mean thickness of bed (c¢m) Void fraction (—)
Measuring point - e e . .
Coke ; Lg Iron ores; Lo Coke, £c¢ Iron ores, go
1 55.0 45.0 0.424 0.362
N 2 48.5 50.0 0.493 0.353
3 40,0 60.0 (0.513 0.355
4 25.0 68.5 0.523 0.352
1 71.5 | 55.0 (. 442 0.354
E 2 61.5 : 50.0 0.499 0.351
3 ol.5 61.5 (}.515 ] 0.357
| 4 35.5 70.0 0.526 0.355
1 1 63.5 51.5 0,424 0.349
S 2 : 55.0 53.3 0.501 0.348
3 i 43.5 50.0 0.514 0. 350
1 23.5 58.5 0.529 ; 0.363
1 66.5 43.5 0.449 0.347
W 2 : 58.5 60.0 0,490 0.344
3 ' 50.0 70.0 0.510 0.344
4 31.5 75.0 0.526 0.353
Center 71.8 (0. 536

14.0
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